Introduction: East Germany's Bumpy Transition after Reunification
The German reunification in 1990 placed great challenges on the East German political economy in terms of restructuring to gain economic strength. With reunification, the former planned economy was abandoned and replaced by a market-based economic system. This meant that formal institutions, laws and rules for economic production and interaction, and the financial system and currency were transformed without an extended period of adjustment (e.g . Schüller 1990 ). Prior economic structures were substituted for those structures that already existed in West Germany at that time, accompanied by drastic changes in the manufacturing sector, which caused widespread dissatisfaction and frustration among the East German workforce (e.g. Thomas 2005; Land 2006 ). First, existing economic organisations were transformed from large hierarchical state-owned firms (Kombinate) into smaller privately-owned firms. Existing vertically-integrated industrial systems with rigid top-down hierarchies were broken up and systematically disintegrated. New owners, buyers or investors had to be found to take over managerial control of the individual parts of these industrial systems. Second, many of the manufacturing activities were characterized by outdated technologies and low productivity rates and thus had to be modernised to become competitive. Third, the result of these restructuring activities was that the manufacturing sector laid off hundreds of thousands of workers. Within less than a decade, manufacturing employment decreased by 70-90% and unemployment figures increased drastically to a level of 20-30% (Land 2006) .
Overall, the reunification period left many East Germans sceptical of the strengths of the West German market economy and its formal institutions. This distrust proved to be a barrier to the generation of new industry networks (e.g. Metze and Schroeckh 1998; Thomas 2003) . In many ways, such challenges were particularly strong in the East German chemical industry, -3 -which is the focus of this paper. In the post-World War II period, this industry had developed into a strong economic branch exporting its products to many other Comecon (Council for Mutual Economic Assistance) countries (Bathelt 1995) .
Writing almost 20 years after reunification, this paper explores the degree to which restructuring processes and new investments have been successful in establishing sound regional economies with long-term growth potential and in making up for the job losses after reunification.
It investigates whether self-sustained industrial configurations, characterised by competitive interfirm networks and innovation potential, have developed in the chemical industry. The paper analyses this by developing a conceptualisation that combines different approaches. In particular, it integrates evolutionary accounts with concepts of re-bundling and "hollow clusters". It is hypothesised that this conceptualisation provides a better understanding of the regional consequences of political transformation and economic restructuring, especially in the context of the East German economy. The study suggests that re-bundling processes in the chemical industry partially failed to create self-sustained regional growth due to the fact that start-up processes were not initiated and that remnants of the former industry structure were not able to stimulate substantial growth. Furthermore, new branch operations in West German and foreign firms have stagnated in recent years. The concept of "hollow clusters" is used to characterise the structure of chemical production that resulted from regional re-bundling processes. At present, the regions investigated in this paper remain characterised by sparse internal input-output linkages, locally embedded ties and knowledge linkages. Such structures have a limited capacity to extend growth impulses without the establishment of strong corporate ties or "global pipelines". This suggests that the regional growth potential of the East German chemical industry may be severely constrained.
The analysis of the consequences of regional re-bundling in the East German chemical industry is carried out in a qualitative fashion, investigating the economic action and interaction of established and new chemical firms. In particular, transformation processes in three important chemical industry regions concentrated in the Land Sachsen-Anhalt will be explored. As this research aims to provide an overview of the regions and conduct a comparative analysis, it draws on many different types of information sources, including the relevant academic literature, newspaper and other media publications, as well as industry documents, websites and unpublished information material. At the same time, the research is also based on more than 120 interviews conducted with managers, politicians, regional planners and industry observers between 1994 and 2006. East German chemical regions were visited almost every year during this time period, and interviews were conducted with the management of firms or experts from policy organisations. This multiplicity of sources was used to triangulate the information received. As a whole, this study captures the developments and challenges of the restructuring processes in the most important East German chemical regions.
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In so doing, it provides important insights into the nature of the restructuring processes that took place after reunification.
The paper is structured as follows: Section 2 presents the conceptual basis of the analysis, which draws upon a network and cluster perspective, and argues that the reunification process was associated with restructuring and re-bundling activities. Section 3 provides a short overview of the growth and transformation of the East German chemical industry before and after World War II. Section 4 investigates the restructuring processes in three East German chemical industry regions in Sachsen-Anhalt: Leuna, Schkopau (including Böhlen), and Bitterfeld-Wolfen. Finally, section 5 draws conclusions regarding the prospects for future growth and competitiveness in these regions.
-5 -
Toward a Conceptualisation: Networks, Ruptures and Re-bundling
One could argue that the state of the manufacturing regions in East Germany at the time of reunification resembled that of the old industrialised regions in West Germany and other capitalist economies. These were traditional, sometimes single-sector manufacturing regions that had lost part of their competitiveness. Related analyses are often based on an evolutionary perspective, which argues that technological development is highly dependent on existing structures and prior technological decisions, rather than on a process driven by optimal decisionmaking. Evolutionary economics posits that techno-economic change defines a development path that follows particular routines and heuristics (Nelson and Winter 1982; .
Accordingly, the direction of technological change is viewed as pre-structured by existing technologies, albeit not in a deterministic way. From this perspective, decisions about technologies made at one point in time initiate processes of selection, mutation, variation, and chance at a later point. Problems can occur in this development if existing configurations cannot be easily reversed, or if they prevent necessary adaptations. David's (1985) and Arthur's (1988) work tells us that such technological lock-in is often related to rigid institutional conditions and externalities. Although lock-in situations can be a source of high economic returns over the long term, they have also been associated with negative connotations, leading, for example, to a "catch 22" situation or to one in which superior technological choices are ruled out (Setterfield 1993; Martin and Sunley 2006) .
Negative lock-in situations have also been studied in regional contexts where localised industrial systems have collectively run into problems due to rigid technological and organisational structures. These rigid structures have often developed due to the technological choices of the dominant industry, sometimes reliant on few large firms and their supplier networks. Grabher (1993) has explained this in terms of the power of strong ties between the -6 -economic and political actors in a region which can block off radically new ideas and alternative developments from outside. Entire regional economies can lose their competitive edge and run into trouble, as in the case of iron and steel production in the German Ruhr (Grabher 1993) or watch-making in the Swiss Jura (Maillat et al. 1995) . Grabher (1993) distinguishes three types of lock-in situations that can threaten regional development: (a) cognitive lock-in which occurs if the regional actors collectively focus too strongly on the dominant technological path; (b) functional lock-in, or over-embeddedness (Uzzi 1997) , related to the existence of input-output relations that are too close, often involving a small group of dominant actors; and (c) political lock-in due to narrow-sided political programs and overly strong bonds between the dominant economic and political cadres (see, also, Hassink 2005).
Although this literature provides important insights into the design of regional policies, the goal of overcoming lock-in only partially fits the situation of the East German chemical industry after reunification. Even though this industry could be considered a mature industry at that time, due to its outdated technological and organisational structure (Dühr 1998 ), it will be argued below that the literature on lock-in does not fully apply to the East German case. Certainly, the evolution of the East German chemical industry in the post-World War II period led to multiple lock-in situations. The most dramatic barrier to integrating East Germany into global economic circuits relates to what could be referred to as a "systemic lock-in".
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This situation is characterised by a hierarchical state-planned economy that operates under drastically different institutional and organisational conditions from those of a market economy (Schüller 1990; Merkel 1999) . By transforming the political and economic system of East Germany, and replacing it with the West German system, the main obstacles to restructuring the manufacturing sector were eliminated. Because the transformation was associated with massive closures of old, uncompetitive manufacturing operations and the dissolution of existing ties between the former -7 -political and economic elites, many of the potential causes of classical lock-in situations were removed.
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A different problem arose, however, as a direct result of this restructuring and became an issue in the reconstruction of the East German economy. More specifically, the East German economy lacked the regional networks that are viewed as essential to economic growth and competitiveness. Especially from to the work of Porter (1990) , it has become widely accepted that economic competitiveness is not just a function of a firm's individual capabilities and competencies, but that it is also shaped by the competitive environment and collective networks within which the firm operates. In particular, regional clusters of specialised industries and their support and service infrastructure, which are connected through traded and untraded interdependencies, are viewed as decisive building blocks to support collective competitiveness within a regional economy (Malmberg and Maskell 2002; Bathelt 2005) . The success and possible innovative capability of specialised industry clusters is based on their ability to develop a strong (horizontal) set of competing firms and (vertical) producer-user networks. These networks support the dissemination of knowledge, reduction of transaction costs, and enable wider learning processes. Of course, the success of clusters cannot be reduced to producer-user linkages alone. They also depend strongly on the development of the institutional and political framework to support reproduction and innovation, as well as power relations and power structures affecting the possibility to engage others in joint action. This includes wider policy networks related to education and training facilities and municipal, regional and federal economic support policies.
An early analysis of Albach (1993) pointed out that horizontal and vertical producer-user networks were missing after the reunification. The dissolution and restructuring of state-directed, vertically-integrated manufacturing firms led to the establishment of ruptured "truncated -8 -networks". This proved to be problematic as firms had no experience in finding and dealing with transaction partners in a market environment (Schmidt 1997 ). The results of various studies regarding regional networks and networking behaviour of East German firms are, however, inconclusive (Brussig 2000) . In a large postal survey, Fritsch et al. (1998) , for instance, provided evidence that firms in Saxony had higher rates of interfirm cooperation than their counterparts in West Germany. Despite this high incidence of networking, these firms were found to be less innovative than the West German firms. Grabher's (1996) intensive case studies in Brandenburg exemplified that remnants of former production networks were not dense and varied enough to stimulate the creation of new networks. Firms also seemed to be sceptical about the advantages of networks (e.g. Metze and Schroeckh 1998) and were worried about unintended know-how outflows. Despite some variation in the empirical evidence, one of the challenges of establishing self-sustaining growth in East German regions seemed to be the establishment of new economic networks through which learning processes could be channelled and innovation triggered (e.g.
Koschatzky and Zenker 1999).
Recent discussions have shown that the success of clusters not only depends on regional transaction networks and input-output linkages alone, but is also substantially shaped by wider knowledge flows that exist within a cluster and with its outside environment. This includes linkages or "pipelines" to markets, technologies and knowledge pools in other regions and nations (Bathelt et al. 2004) . The success of these regional industry configurations is dependent on a systematic combination and integration of local cluster-internal and global cross-cluster transaction networks, which transfer growth impulses and new knowledge into the cluster networks (Scott 1998) . Systematic external linkages can be crucial in order to gain access to technological breakthroughs and avoid lock-in (Owen-Smith and Powell 2004) . In the process of reconstructing the East German chemical industry, access to these global knowledge pipelines was seemingly not the most urgent shortcoming, as restructuring was based on the involvement of multinational firms from West Germany and other market economies. These firms brought access to the global technology and market environment and equipped local operations with stateof-the-art technologies. As shown below, this involved heavy subsidies which were jointly supplied by the federal and Länder governments through the "Gemeinschaftsaufgabe zur Verbesserung der regionalen Wirtschaftsstruktur" (joint task for the improvement of regional economies), a nation-wide regional economic support policy which was substantially revised after reunification to accommodate the economic needs of the new Länder (e.g. Klemmer 1995) .
The subsequent analysis of this context of economic restructuring will draw upon an evolutionary perspective (e.g. Boschma and Lamboy 1999) . Similar to the view of Storper and Walker (1989) , it is assumed that geographic industrialisation processes are driven by innovative industries and technologies, which shape the regional development path (Bathelt and Glückler 2003) . Instead of over-emphasising continuity in technological development, as is sometimes done in evolutionary accounts, special attention is paid to the effects of political ruptures and economic crises. As suggested by Bathelt and Boggs (2003) , these crises can result in discontinuous shifts in regional technological trajectories. This view suggests that regional development is driven by bundles of overlapping technological trajectories, characterised both by the effects of incremental, cumulative learning processes and unexpected discontinuities.
Drawing from North American experience, Feldman and Francis (2006) have argued that in periods of crises and discontinuities entrepreneurial potential can be mobilised, resulting in the establishment of new firms which might drive regional development later on. Similarly, the concept of re-bundling used to conceptualise the drastic restructuring processes of the East Regions begin to recover from ruptures when agents re-bundle the capital at hand (i.e. financial, physical, human and social capital) for a new round of accumulation. Sometimes this becomes the basis of a new regional industry core, which may promote a novel development path as new ventures are started. In order to shape a region's development path so that the local effects of a crisis are overcome, a new ensemble of competencies must develop. This must be anchored in the local economy by non-ubiquitous resources found within a specialised social division of labour. This development must be characterised by a certain size, encompass regional networks of learning and knowledge exchange, and a specialised labour market, to have a substantial impact. A region must also develop a wider set of institutions to be able to reproduce itself. The concept of re-bundling does not, however, imply that regional crises are overcome through regional assets alone (Bathelt and Boggs 2003) . Re-bundling processes are likely to be -11 -initiated or supported by external agents and their competencies. As has been recognised in recent years, integration into global production networks is often essential to the competitiveness of regional actors (Owen-Smith and Powell 2004; Amin 2004) . In order to successfully anchor these initiatives within a region and trigger regional development, local actors will, however, also have to be mobilised and drawn into networks. As demonstrated in the following sections, this was a particularly challenging task in the case of the East German chemical industry.
If local anchoring does not take place, it becomes less likely that growth impulses, which could result from investments and access to new markets, will lead to positive regional outcomes.
Especially if local networks are underdeveloped, substantial transfers of knowledge and growth impulses from transaction linkages cannot be expected. A regional configuration that develops without embedded ties and regional transaction networks bears the risk of developing into a "hollow cluster" (Bathelt et al. 2004) . Hollow clusters are characterised by relatively little coherence and internal cooperation, despite the existence of an agglomeration of firms. Although firms may have strong linkages with transaction partners at a global scale, they lack the ability to transform the knowledge acquired through these "pipelines" into wider regional growth impulses.
They might not engage in regional networking and active knowledge exchange, creating what could be referred to as a "low-buzz environment". As a consequence, local firms could remain relatively isolated from one another and lose their joint technology focus and potential for cooperation. Moreover, they might not recognize the need to develop local ties and ground their activities within the local context, especially if their focus is on cross-regional intra-firm ties and liabilities.
The above conceptualisation provides a useful framework for analysing the three cases which follow. In exploring the re-bundling activities that have taken place in the East German chemical industry since reunification, particular emphasis is placed on the investment activities of -12 -large multinational chemical firms and the government support associated with the funding of private-sector investments. This provides the institutional basis for re-bundling. To evaluate these re-bundling activities, the present structure of local chemical operations in the three regions is summarised in terms of local producer-user linkages, 4 the diversity of corporate functions, and decision-making competencies. This provides the basis for drawing conclusions regarding the potential cluster structure and the possibility of self-sustaining growth in the future. In the next section, a brief review of the evolution of the chemical industry will be presented to demonstrate how "systemic lock-in" under the specific conditions of the industry led to a system of production regions with strong internal vertical production linkages and limited cross-regional horizontal relationships.
Institutional Transformations: Growth and Transformation of the East German Chemical Industry before and after World War II
In comparison with the situation in West Germany, favourable conditions for the establishment of the chemical industry in East Germany developed relatively late. Major chemical firms were founded as branch operations of West German firms during the 1920s and 1930s in the Halle-Leipzig region (Chemie AG Bitterfeld-Wolfen 1993; Dühr 1998) . In 1915, the Leuna works were founded near Halle as a subsidiary of BASF. BASF established large operations for the production of ammonia and methanol, which were extended during the 1920s into a large integrated site of chemical production. Choice of location within the region benefited from the availability of water from the rivers Saale and Mulde, and raw materials such as potassium salt. The most important factor was, however, proximity to major brown coal deposits which were exploited for the production of electrical power at a low cost (Richter 1987) . By the late 19th century, brown coal was mined in the Bitterfeld area, which attracted energy-intensive chemical production. In the 1890s, both the Chemische Fabrik Griesheim and a subsidiary of the Allgemeine Elektrizitätsgesellschaft (AEG) established operations in Bitterfeld for the production of chlorine (Hackenholz 2004 ).
In the 20th century, chemical production in East Germany also became strategically important from a defence perspective because it was assumed that these locations would be too far away from Great Britain to be the destination of potential bomber attacks, and therefore relatively safe (Richter 1987; Derlien et al. 1999) . The Halle-Leipzig region experienced further growth spurts after the German chemical industry merged into the IG Farben in the 1920s.
Chemical production became even more important after the Nazis took over power in 1933. In 1936, the Buna works were founded in Schkopau, close to Leuna. To reduce Germany's dependence on raw material imports, the Buna facilities began to produce synthetic rubber. This was used as a raw material for the production of tires and developed into an important asset of the Nazi war plans (Hayes 1987; Stinglwagner 1987; Chemie AG Bitterfeld-Wolfen 1993) . Both the Leuna and Buna works experienced strong growth processes before and during World War II.
By the end of World War II, more than half of the German production of chlorine and ammonia and over 80% of synthetic rubber originated from within the Halle-Leipzig region (Hackenholz 2004; Wolf 2006) After World War II, the evolution of the industry was strongly influenced by forced integration into a Soviet-style planned political economy, and corresponding institutions and power structures. The chemical firms in East Germany were occupied by Soviet troops; substantial parts were disassembled; and the remaining operations transformed into Sowjetische Aktiengesellschaften (Soviet-controlled collective firms). Chemical production was completely restructured in accordance with the planning principles of the former Soviet Union. Firms were combined into large state-directed monopoly organisations -that is, first into Volkseigene -14 -Betriebe or people-owned firms, and later into Kombinate. With the introduction of the government's first comprehensive program for the development of the chemical industry in 1958, the chemical industry was given high priority within national investment plans (Haase 1984; Richter 1987; Chemie AG Bitterfeld-Wolfen 1993) . Under the slogan "chemicals give bread, wealth and beauty" the expectation was that the chemical industry would develop into a growth engine for post-World War II reconstruction and future economic growth. The chemical program had two major impacts on the development of the industry. First, those production capacities that were based on coal were substantially expanded. This was part of the national government's strategy to develop an economy that did not strongly depend on energy imports from outside the Comecon hemisphere. Second, investments were also directed towards new oil-based projects with the goal of building up a petrochemical industry based on oil and gas imports from the Soviet Union (Topel 1984; Stinglwagner 1987 ).
Overall, the industry's evolution under the influence of a Soviet-style planned economy and withdrawal from wider international markets led to the formation of chemical industry regions that were dominated by centrally-controlled vertically-integrated production networks in technologically-obsolete Kombinate. The prevailing investment patterns supported the development of agglomerations of chemical production in the southern half of East Germany, building upon pre-World War II developments (Figure 1) . The tendency to rely on brown coal as the main energy source became even stronger after the oil crises of the 1970s when prices for energy imports from the former Soviet Union increased substantially. In 1979, Erich Honecker, the East German leader at that time, demanded that coal-based energy production and technologies are intensified to replace imports of oil and gas (Schwartau 1980) . As a consequence, coal-based operations were intensified in technologically-obsolete pre-World War II facilities, without substantial modernisation investments (Karlsch and Stokes 2000) . In 1988, -15 -between 310,000 and 340,000 people were employed by 15 Kombinate in the East German chemical industry, plus an additional 20,000 employees in firms that were not integrated in a Kombinat (Schwartau 1989). 5 Almost half of these people were employed by six Kombinate in the greater Halle-Leipzig-Wittenberg region (Figure 1) . The locations investigated in this paper are Leuna (30,000 employees), Schkopau (30,000 employees) including Böhlen, Bitterfeld (30,000 employees) and Wolfen (21,000 employees). Due to severe economic, political and environmental problems, substantial restructuring became necessary after the reunification. The following section provides an analysis of the respective re-bundling processes around core investment activities from outside the region and the development of potential cluster structures, focussing on producer-user relations, research and development activities, and decision-making structures. ********************************** Insert Figure 1 about here **********************************
Restructuring Processes and Re-bundling Initiatives after Reunification
Industrial practices in the German Democratic Republic put enormous stress on the environmental and economic assets in the core regions of the chemical industry. Drastic exploitation of natural resources, under-investment in manufacturing and the reliance on inefficient technologies generated an industrial structure that was suffering from many problems (Bathelt 1995) . Based on the availability of brown coal, the chemical industry regions had set up power plants, which generated massive emissions. Outdated technologies were exploited under great economic pressure, causing poor air and water quality, as well as health problems among the population (Schwartau 1987; Spiegel 1990; Chemie AG Bitterfeld-Wolfen 1993; Dühr 1998; Karlsch and Stokes 2000) . Some authors estimate that, at the time of reunification, a third of the manufacturing plants were older than 50 years and had already been used during or prior to World War II (Faupel et al. 2001) . As in other manufacturing industries, chemical production was also characterised by a combination of over-employment and the use of inefficient technologies, thus creating high production costs and low productivity growth. Furthermore, the industry was characterised by an over-representation of basic chemicals and other mass products for which over-capacities already existed in the world marketplace. The variety of specialty chemicals and quality of consumer products was relatively low. Additionally, the lack of marketing competencies and the loss of traditional export markets in Eastern Europe resulted in a situation where most firms could not survive on their own. The evolution of the industry under the constraints of the post-World War II planned economy had thus produced various technological and functional lock-in situations (Grabher 1993) , related to wider systemic lock-in.
As a consequence of these problems, most chemical firms in East Germany were not able to gain international competitiveness and had to undergo radical restructuring after reunification (Schmidt 1997) . To overcome these lock-in situations, new competencies had to be created to replace those that were destroyed in the restructuring processes that followed. Plants with obsolete and environmentally harmful production were shut down. Most other plants had to reduce production and employment to a minimum. The number of employees in the chemical industry decreased from about 310,000 employees in 1989 (not including petrochemical production, chemical engineering and potash mining) to only 125,000 and 40,000 people in 1991 and 1994, respectively (Verband der Chemischen Industrie 1995). By 2005, employment levels had stabilised, albeit at a low level of 45,000 employees (Table 1) . More than 85% of the original jobs in the East German chemical industry were eliminated following reunification. The impacts of economic restructuring were particularly severe in the traditional core regions around Halle-Leipzig. By 2005, only 22,500 of the previous 150,000 jobs still existed in the chemical industry of Sachsen and Sachsen-Anhalt. The effects of this restructuring were quite drastic, in part because the industry had to face a double transition related to both the transformation of the political and economic system, and the Fordist crisis which was strongly associated with ongoing globalisation processes (Kollmorgen 2005; Land 2006 ). ********************************** Insert Table 1 about here ********************************** The re-bundling processes that took place after reunification were initiated by the combined efforts and policies of the federal and Länder governments, aimed at securing existing jobs and creating new ones in competitive economic contexts. Restructuring was led by the Treuhandanstalt, a trust agency that was established in 1990 by the federal government. This agency was originally set up to initiate restructuring processes in the best interest of the general public but quickly shifted into an organisation primarily dealing with privatisation processes through discrete bargaining (Derlien et al. 1999; Roesler 2003 ). The original goals, which prioritised a reconstruction of the Kombinate over splitting them up and selling divisions separately, were revised and a strategy of partial privatisation applied instead. The aim of this strategy was to maintain the core operations of chemical production, sell individual plants to private investors, modernise the infrastructure of the industry and stimulate new investments (Bundesanstalt für vereinigungsbedingte Sonderaufgaben 1997; Dühr 1998). The result of this policy was that existing value chains were disconnected, leaving truncated networks behind (Albach 1993) . Instead of modernising existing production activities by introducing new environmentally-friendly technologies, many operations were closed.
Parallel to this restructuring, incentives for new investments and modernisation were established in a program called Aufbau Ost (reconstruction of the East). This program was combined with the centralised economic support policy in Germany, that is, the joint task for the improvement of regional economies. In this program, the economic support policies of the federal and Länder governments were combined in an effort to spur redevelopment. The joint task provided funds for economic restructuring and the modernisation of export-related businesses, in an effort to stabilise the labour market and improve the business infrastructure. At this stage, major economic decisions were made in a centralised manner in close coordination with the Treuhandanstalt without additional systematic influence at the Länder level. 6 The result of this policy was that massive subsidies were granted to the investment projects of West German and foreign chemical firms in East Germany. In the regions studied, up to 50% of the investment costs in small and medium-sized firms (35% in the case of large firms), that were aimed at securing or expanding the number of jobs, were paid for through this economic support program (Deutscher Bundestag 2005) . Despite these incentives, re-bundling activities in the East German chemical industry remained limited in terms of acquisitions and new investments.
In the following subsections, the nature of these re-bundling activities is investigated in three important chemical industry regions in Sachsen-Anhalt (Table 2 ). It is shown that processes of reconfiguring existing competencies, mobilising additional resources and engaging external investors were not able to produce economically self-sustained industry clusters. In fact, by analysing the resulting regional producer-user linkages, research and development activities and decision-making competencies evidence is provided that this re-bundling resulted in the establishment of hollow clusters. ********************************** Insert Table 2 about here -19 -**********************************
Leuna
Parts of the former Leuna works were split up after reunification and sold separately. The re-bundling process remained slow, however, as it was difficult to find external investors. An early example was Linde from west Germany which acquired existing operations in the area of air separation in 1990 to produce industrial gases. These operations were consequently modernised and new facilities built, creating a total of more than 300 jobs (Frankfurter This investment had a high priority in the privatisation plans of the Treuhandanstalt because it was considered vital for the re-bundling process of the entire East German chemical industry. As a consequence, the project received subsidies of Euro 0.65 billion (CAD 0.95 billion) (Denecke 1994; Frankfurter Rundschau 1994b) . This was heavily criticised by the public since the project seemingly mingled with cases of corruption (Hertle 2001; Ginzel and Krauthaar 2006) .
The total of federal and Länder subsidies and clean-up costs in Leuna were estimated to be as high as Euro 2.8 billion (CAD 4.1 billion) . In 1998, a mere 2,500 jobs were left in about 20 chemical firms in the former Leuna works (Wüllenweber 1998) . The wider regional workforce related to chemical operations, including supplies and services, was higher, with a total of 9,000 jobs often cited. According to my empirical research, this estimate appears somewhat inflated, Overall, the re-bundling process led to a situation with relatively weak local producer-user relations. To the extent that such relationships developed, they were relatively standardized; some were based on ownership linkages and did not develop extensive knowledge flows. The new activities primarily focussed on production activities and did not invest into research -21 -facilities. Local decision-making competencies thus remained very limited, focussing on maintaining a continuous production flow.
Schkopau (Buna) and Böhlen
Aside from its importance in the production of synthetic rubber, the former Buna works evolved into a central location for carbide chemistry in the post-World War II period and were characterised by a number of environmentally problematic carbide ovens (Karlsch and Stokes 2000) . This explains in part why it remained unclear for a long time whether any re-bundling activities would take place after reunification and whether it would be possible to maintain chemical production at this location. West German chemical firms had already chosen other locations for their primary investments in East Germany and Treuhandanstalt did not actively approach other potential buyers from abroad at this stage.
It was not until 1995, when the US producer Dow Chemical decided to take over the remains of the former Kombinat that a solution materialised. This re-bundling occurred in a combined acquisition that also included polyolefin production in Leuna, underground storage caverns in Teutschenthal, and related operations in Böhlen near the brown-coal mine Lippendorf, about 15 km south of Leipzig (Buna SOW Leuna Olefinverbund 1998) . The goal of this acquisition was to establish a larger industrial complex for the production of synthetic materials: the BSL Olefinverbund. This investment was very important for the East German chemical industry and became the foundation for the establishment of basic linkages between different locations (Faupel et al. 2001 ). The underlying goal was to stimulate wider re-bundling processes and create a network of producer-user linkages between different regions. In Böhlen, a cracker was built which produced ethylene, propylene and other basic products to be further processed in petrochemical and synthetic materials production in Leuna and Schkopau. The cracker operated -22 -based on electrical power from a near-by brown-coal power station, as well as Naphtha imports through a pipeline from Rostock at the Baltic Sea. Dow Chemical only agreed to this deal after the federal and Länder governments agreed upon taking over a large part of the investment and sequel costs of about Euro 5.0 billion (CAD 7.3 billion). Overall, the company created a total of 2,250 permanent jobs in chemical production and an estimated 1,000 jobs in the supplier sector through multiplier effects (Frankfurter Rundschau 1995a; 1995b; Frankfurter Allgemeine Zeitung 2001) . When the contract with Dow Chemical became known to the public, heavy criticism arose regarding the relatively small number of jobs secured through this investment.
With a large part of the territory of the former Buna works remaining unused waste land, the decision was later made to open up the area for investments from other firms, preferably those linked with the BSL Olefinverbund through material linkages. In 1998, the so-called "ValuePark" was established, which attracted 13 small and medium-sized firms that further process products from BSL Olefinverbund. These firms added a total of about 300 jobs to the regional labour market (Oelke 1998; Handelsblatt 1999; United Nations Environmental Program 2001) .
Despite the integration of the Schkopau activities into wider cross-regional chemical transaction networks in East Germany and the establishment of local ties through the attraction of firms inside the former Buna works, the local effects of re-bundling activities remained limited.
Although some producer-user linkages resulted they were not innovative in character and did not require extensive knowledge transfers and problem solving. In addition, only limited development facilities were established, and decision-making competencies focussed on running the local operations. Decisions regarding new products, customers and suppliers were largely made at the corporate level outside the region. Although the linkages that developed were important for the development of the overall industry, they were very basic in nature and fully standardised. They concentrated on raw material flows through pipelines and sales relationships between the firms involved. Overall, this did not provide the basis for the development of a fully-fledged industry cluster.
Bitterfeld-Wolfen
In the two former Kombinate in Bitterfeld and Wolfen, re-bundling activities were also difficult because of severe environmental problems and outdated production technologies. In contrast to other East German chemical industry locations, Bitterfeld was traditionally characterised by an extremely diversified portfolio of basic and specialty chemicals, often referred to formerly as the "pharmacy of the German Democratic Republic". As one observer suggested in the mid 1990s, the region still appeared like a patchwork blanket, hosting a number of fairly unrelated chemical production operations (Becker 1995) . Due to barriers surrounding privatisation, the question of how the former Kombinate of the region could be organised in the future was unclear for a long time. Initial ideas for re-bundling did not translate into investments that might have created a bandwagon effect.
The original idea of establishing a closed, integrated chemical territory with unified governance, control and service provision, similar to that in Leuna, which was favoured by insiders such as Günter Langner who was initially involved in the management of the chemical park, was not marketable to potential investors and thus had to be abandoned (Mitteldeutsche Zeitung 1999). 13, 2007) . Although this was a more costly solution from the perspective of small or medium-sized firms, as some interviewees suggested, it probably did not deter additional investments, which were relatively rare to begin with. As such, the conditions for re-bundling worsened in the 1990s.
The most important investment in the post-reunification stage was the decision made by Bayer to establish production in the region (Oelke 1998) . This decision and subsequent investment activities served to jump-start further re-bundling in terms of the investment activities of multinational chemical firms. Bayer always emphasised the important role of the former German Chancellor Helmut Kohl and his direct involvement in this decision, arguing that there was no need to establish such a location for market reasons alone. As a result, three specialised plants were set up in the areas of pharmaceuticals, methylcellulose, and resins, followed by the establishment of a fourth plant in the area of ion exchange a few years later. These plants operated largely independently from one another with no internal material linkages. One observer mentioned that these investments could have easily taken place elsewhere if reunification had not changed the investment priorities of the firm. The projects were nonetheless profitable due to low labour costs, longer production runs compared to West Germany, and substantial subsidies through the Aufbau Ost program. In total, 500 new jobs were created by Bayer Bitterfeld during the early 1990s (Kaiser 1994; Becker 1995) . Even though these facilities did not develop close ties to the region in terms of input-output flows, and despite the lack of on-site research and distribution, these investments were of key importance because they served to raise the self-confidence of the local people and improved the image of the region.
Regional planners referred to Bayer Bitterfeld as an example of an anchor investment to advertise the qualities of the region to other potential investors. Initial reservations regarding the Bitterfeld location were, however, obvious in Bayer's decision to establish its new facilities just outside the -25 -highly contaminated territory of the former Kombinat. 8 The firm thus maintained an independent status from the chemical industry park.
In general, decisions regarding supplier linkages and distribution channels of many new firms were made through their respective corporate hierarchies. Furthermore, the region also lost most of its research and development basis which used to be strong (Dühr 1998) . Even though the privatisation activities were slow, German and foreign investors gradually established small or medium-sized branches in the region. None of these facilities was able to add a substantial number of jobs to the regional economy to offset the jobs that were previously cut. Some firms acquired larger territories in the region in order to have enough space available for further expansion at a later point; however, these projections turned out to be too optimistic. When Similarly, the initial growth of Heraeus in the area of quartz glass production stopped after the turn of the Millennium when demand from the US telecommunications industry declined.
Further investments had to be postponed and the number of employees was reduced to about 450 (Frankfurter Rundschau 2001) . In general, it became clear that further expansion of the chemical industry was unlikely and that reconstruction had come to a standstill. It also turned out that some of the facilities established, such as a new modern sewage plant, were oversized based on unrealistic growth projections in early restructuring stages.
In Wolfen, re-bundling proved to be equally difficult; attempts to provide a longer-term perspective for the former production of photo-chemicals and film-packs failed (Frankfurter Rundschau 1994a; Chemie-Produktion 1996; Dühr 1998 ). This was not undisputed, however; some media reports argued that these facilities could have been saved due to their specialised competencies if a specialist in the field had made a move to acquire and restructure them. In total, only bits and pieces of the former activities were able to survive, among them the management buy-out Organica. 9 In one of the main buildings of the Filmfabrik Wolfen, a technology and incubator facility was founded in 1992: the TGZ Technologie-und Gründerzentrum BitterfeldWolfen GmbH. By providing office and laboratory space of about 9,000 m 2 and start-up support, the TGZ aimed to stimulate new firm formation. Since the late 1990s, the facility became the site of about a dozen small start-ups in areas related to chemical production, such as biotechnology and environmental technology (http://www.tgz-chemie.de, date accessed March 12, 2007) .
Although these firms had only a few linkages with the traditional regional production core, they were successful and survived. Their overall contribution to job growth in the region was, however, not significant.
An important prerequisite for the reconstruction of the chemical industry in the region was the preservation of at least some moderate material linkages between chemical firms based on chlorine production. It took several years until it was possible to stabilise these linkages since potential investors for the chlorine production plant were not available. The chlorine plant was finally acquired and reconstructed in 1997 by ECI Electro-Chemie Ibbenbühren from West Germany. Since then, the firm attained about 60 regional customers and became the key supplier of a cycle of material flows that involved half a dozen firms supplying hydrochloric acid, technical gases, silicon tetrachloride and related products to the production of quartz glass (Derlien et al. 1999; Schmid 2000) . Overall, employment in the chemical industry remained Although some producer-user relations developed in Bitterfeld-Wolfen around the production of chlorine and quartz glass, too few firms were left to be able to establish a closely interrelated production network. Regional supplier relations were limited, and a large proportion of overall production was exported to other countries. Numerous interviewees said that direct supplier and customer contact was only made at the corporate level outside the region. Local decision-making competencies often remained limited. There were few exceptions to this trend though some smaller firms had relocated production and decision-making to the region.
Conclusions: Toward the Diversification of Hollow Clusters?
This paper clearly illustrates that the East German chemical industry had to overcome drastic ruptures both after World War II and the reunification, which were associated with changes in the political and economic system and necessitated radical re-bundling activities. The restructuring processes put tremendous pressure on existing firms and their workforce. In contrast with the suggestion of Faupel et al. (2001) who evaluate these processes in the HalleLeipzig region very positively and suggest that the region has substantial growth potential in the future, this study does not share such optimistic predictions. The initial expectation that East German regions would only require a short-term trigger to develop self-sustaining growth seems ill-founded as total employment and sales have remained at a low level. This paper argues that while an evolutionary perspective drawing on lock-in processes is important in understanding this development, it is insufficient in explaining the shifts that occurred in recent years. The concepts of re-bundling and hollow clusters are thus employed to provide a better understanding of the restructuring processes and their consequences. (Table 1) , while other manufacturing sectors continued to decline or stagnate (Thomas 2005) . The fact that sales figures also grew substantially since the mid 1990s also indicates that modern production structures were established (Verband der Chemischen Industrie 2006; Derlien et al. 1999) . This paper views the restructuring that took place as an example of re-bundling (Bathelt and Boggs 2003) . As shown above, these processes were able to mobilise internal and external capital for new projects. This is remarkable because there was no need for excessive expansion of chemical production after reunification. Most of the demand for chemicals in East Germany could easily have been supplied through existing production capacities at other locations.
Despite this, federal and Länder policies failed to stimulate self-sustaining growth in strong industry clusters and networks (Thomas 2005) . The overall prospects for growth in the East German chemical industry are therefore limited. This can be attributed to a number of factors.
First, the chemical industry in Germany stagnated since the 1980s, and employment gradually declined due to globalisation (Bathelt 1995; Chapman and Edmond 2000) . From 1995 to 2005, the number of employees in Germany decreased by 12.2% to a mere 470,000 people (Table 1) ; major start-up or relocation processes cannot be expected under these conditions. Second, restructuring did not create fully-fledged industry clusters. Although the regional economies are -29 -well-linked to West Germany and international markets through corporate ties of multinational firms, regional networks -that could provide the basis for learning, knowledge creation and innovation -remained weak. 10 Instead, hollow clusters resulted which were strongly outwardlooking with little internal "glue", similar to the structure described by Bathelt et al. (2004) .
11
The chemical industry regions investigated were composed of a relatively small number of chemical firms which operated in specialised segments of the industry, providing little potential for regional networking and innovation. Similar to the findings of Land (2006) , different types of firms can be identified in these regional economies, which contribute to further segmentation (see, also, Schmidt 1997; Kollmorgen 2005); however, these firms are unlikely to form a basis for strong regional networks in the future. Overall, the re-deployment of resources and competencies to other sectors and/or activities did not provide broad economic triggers in either of the regions investigated (Table 2) . Federal in combination with Länder policies of economic support were not able to translate intra-and inter-sectoral linkages into economically sustainable and dynamic industry clusters.
In conclusion, it is unlikely that the development of the chemical industry in East Germany will lead to substantial increases in regional employment and sales in the near future. In realising the limited growth prospects, the regions began to develop policies that acknowledge this trend and envision alternative perspectives. They adapted new goals aside from supporting the chemical industry. In Bitterfeld, for instance, the Goetsche, a large former brown-coal mine, was flooded and huge effort put into the development of a recreational area focussed on water and fun activities. Along with this, the historical city core was reconstructed and landfill sites cleaned up to make the region more attractive both for locals to stay and visitors to come. Similar developments were also underway in the Halle, Leipzig and Niederlausitz regions to create a new tourism industry. In addition, other industries were supported, such as the automobile supplier and solar cell industries. These efforts were able to compensate for ongoing job losses in the chemical industry. As a result of these trends, political and economic leaders are seemingly moving closer to one another, providing the basis for the establishment of regional political networks in the future. These networks may become the basis of multiple regional industry networks in the long term which are not necessarily focussed exclusively on chemical production. If possible interviews were recorded on tape and transcribed. Often, it seemed more appropriate, however, to just take interview notes as the firms and interview partners were under a lot of pressure or sceptical with respect to the purposes of this research. To study the actions and strategies, particularly of large dominant firms, is key in understanding the regional restructuring processes and evaluate the prospects for future growth. This is because many established chemical operations were closed down; start-ups remained an exception; and the survival of other operations depended on the engagement of a limited number of multinational chemical firms. The activities of these branches and their performance were extremely important for the overall regional development. Therefore, about half of the interviews were conducted with new branches or subsidiaries of multinational chemical firms. It is believed that the empirical work conducted well reflects the development of the case study regions.
2
This systemic lock-in, which was related to the wider institutional infrastructure, went beyond the political lock-in characterised by Grabher (1993) through political networks and rigid power relations.
3
It is well-known, of course, that remnants of old personal networks, often referred to as "Seilschaften"
("rope teams"), were able to survive and existed for a long time. These personal ties had sometimes introduced rigidity into the vertical production networks in the post-World War II period. These structures were found in many sectors, including the automobile, robotics and chemical industries (e.g. Voskamp and Wittke 1990; Sadler et al. 1993; Dühr 1998) . In the interviews conducted, this was often confirmed. It had sometimes (but not always) negative effects on political decision-making and the ability to mobilise people for action.
4
When discussing regional networks of the chemical industry, we have to consider that the structure of producer-user relations differs from that in many other industries in terms of their intensity. Therefore, our expectations regarding the structure of regional networks have to be moderate.
5
The number of employees is dependent upon which definition of the chemical industry is used (Schwartau 1980 ).
6
The chemical industry union -today's IG BCE (Industriegewerkschaft Bergbau Chemie Energie) -was generally supportive of this policy without having a major impact of its own. This appears typical for the
